A landmark study of the epidemiology of dementia, the Canadian Study on Health and Aging (CSHA) determined that in 1992, some 316 500 Canadians over the age of 65 years (1 in 13) had dementia, with the risk of the disease doubling for every 5 years of age after 65.
creasing mean age of our population, it is estimated that 500 000 Canadians will have dementia by 2021, and 750 000 by 2031. 3 Although incidents involving drivers affected by dementia frequently make the headlines in the lay press, there is surprisingly little data on the factors in dementia that may be associated with driving cessation. In a cross-sectional study of community-dwelling subjects, Foley and colleagues 4 found that 46% of those whose dementia was rated as questionable (i.e., with a Clinical Dementia Rating 5 [CDR] of 0.5) and 22%, as mild (CDR 1) were still driving. Indeed, Duchek and associates 6 found that of patients who passed an on-road test at baseline, only about 20% of those with questionable dementia and none of those with mild dementia passed another road test 2 years later. In a retrospective study of 430 patients at a memory clinic, age, an urban dwellingplace, level of cognitive function and relative ability to perform the activities of daily living were found to be predictive of driving cessation. 7 Similarly, in a small prospective study of 53 patients with dementia, age and Mini-Mental State Examination (MMSE) 8 score predicted driving cessation over the next 2-3 years. 9 Determination of the factors associated with driving cessation is important, given the well-documented association between the risk of being involved in a motorvehicle collision and the severity and duration of the dementia.
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Clinical practice guidelines have not been consistently helpful in providing physicians with guidance related to driving and dementia. For example, although the conclusions of the Canadian Consensus Conference on Dementia 3 emphasized the need to assess patients with dementia for fitness to drive and provided suggestions for factors requiring evaluation (e.g., cognition, function, medical status, medication review), there did not provide specific guidelines for how to determine when driving cessation was necessary. In contrast, the American Academy of Neurology practice parameter for risk of driving in cases of Alzheimer's disease 11 provides much clearer recommendations for driving cessation, based on CDRs. Unfortunately, most primary care physicians are unfamiliar with CDRs and may have difficulty using athe ratings in everyday practice. The guide published by the Canadian Medical Association 12 quotes the National Safety Code, which has suggested that patients whose MMSE score is less than 24 are ineligible to hold a driver's license unless they have undergone a complete neurologic assessment. Unfortu-nately, what constitutes a neurologic assessment is left unspecified. How a score of 24 on the MMSE was chosen and why a "neurological" as opposed to a geriatric medical or psychiatric assessment is required are not explained. Although several other practice guidelines have addressed the issue, [13] [14] [15] physicians still require more guidance.
The purpose of our study was to explore the factors affecting the likelihood of driving cessation in a sample of elderly, community-dwelling people with dementia. Knowledge of these factors could help physicians identify patients at risk, in order to help them begin to plan for alternatives to driving.
Methods
The Canadian Outcomes Study in Dementia (COSID) used a modified, nonprobabilistic cluster sampling method to conduct a 3-year prospective pharmacoepidemiological study at 32 academic and community sites across Canada. A detailed description of the methodology and baseline patient characteristics has been published previously. 16 Briefly, the study centres were situated in 5 major regions of Canada (British Columbia, the Prairies, Ontario, Québec and the Atlantic Provinces) with investigators representing the specialties of geriatric medicine (n = 16), geriatric psychiatry (n = 7) and neurology (n = 6) as well as family practice (n = 3). The study was approved by the site's local review ethics board or, where such boards were unavailable, by a central ethics board; written informed consent was obtained from all patients as well as from their caregivers. Inclusion criteria included an age of 60 years or older, dwelling in the community (as opposed to a seniors' residence or long-term care facility), a DSM-IV 17 diagnosis of dementia (Box 1) and a Global Deterioration Score
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[GDS] of 5 or less (indicating early or mild disease severity).
Information and assessments were collected at baseline and every 6 months for 3 years or until death, entry into an institution, study withdrawal or loss to follow-up. Factors associated with the later decision to quit driving (i.e., after the baseline interview) were examined with an exploratory Cox survival analysis. The model included gender, age, marital status, dementia type (Alzheimer's v. other), income, education level (completed grade school v. high school and above), geographic region, GDS, MMSE, SMAF, NPI (presence of ≥ 3 behaviours v. < 3 behaviours), number of medical comorbidities, total number of medications, number of psychoactive medications and time since initiation of treatment with a cholinesterase inhibitor. In addition, the model included the variable of provincial mandatory reporting requirements. At the time of this report, Québec, Nova Scotia and Alberta had discretionary reporting, whereas all other provinces had mandatory reporting. An additional Cox regression analysis was conducted to examine the contribution of each of the 12 NPI domains. To reduce the risk of overfitting the data, the number of predictor variables in this model was reduced by means of backward elimination. Dementia type, age and gender, however, were retained in the model to ensure that the results were adjusted for these important variables.
Results
Our sample consisted of 883 patients with an average age of 77.0 years (standard deviation [SD] 6.4), and a mean MMSE score of 21.9 (SD 4.9); 728 (82.4%) had Alzheimer's disease. Baseline characteristics are listed in Table 1 by driving status. Of the total, 719 people (81.4%) were still or had been drivers; at baseline, 203 (28.2%) of them were still actively driving. Among the 516 people who had already ceased driving at the time of the baseline interview, the reported reasons for cessation included involvment in a motor vehicle collision (n = 24, 4.7%), vision problems (n = 24, 4.7%), having their licence formally revoked (n = 60, 11.6%) or letting it expire (n = 6, 1.2%).
A Cox survival analysis examined the factors associated with driving cessation in those who were active drivers at baseline over an average follow-up period of 23 months. The proportion of active drivers remaining throughout the observation period is shown as a "survival" curve in Fig. 1 . Of the 203 active drivers at baseline, 148 (72.9%) were men. Data for analysis were available for 200 drivers, of whom 97 (48.5%) stopped driving during the observation period.
The factors that significantly increased the probability of quitting driving included GDS stage (p < 0.008), MMSE (p = 0.009) and the presence of 3 or more behavioural disturbances (p = 0.047). Hazard ratios for all variables are reported in Table 2 . Backward elimination of the least important variables from the model confirmed that higher GDS stage (p = 0.01), lower MMSE (i.e., greater cognitive impairment; p = 0.009) and NPI (≥ 3 behaviours; p = 0.024) were significant predictors of driving cessation; education level (lack of high school) also became significant in this model (p = 0.045). Introduction of the 12 individual NPI behaviours into the model revealed agitation/aggression (p = 0.019), apathy (p = 0.031) and hallucinations (p = 0.050) as significant behaviours. The presence of apathy or hallucinations were predictive of driving cessation, whereas the presence of agitation/aggression was associated with a reduced risk of stopping driving (Table  3) . Reported reasons for driving cessation after baseline included having been involved in a motor vehicle collision (n = 4, 4.1% of 97), vision problems (n = 2, 2.1%), formal revocation of the driver's licence (n = 18, 18.6%) and nonrenewal after licence expiration (n = 3, 3.1%).
Interpretation
In this sample of patients with a diagnosis of dementia, 28% were still driving at the baseline assessment. Increased cognitive and global impairment and the presence of a greater number of behavioural disturbances all increased the likelihood of driving cessation during the next few years. In our analysis gender was not a significant factor, possibly because the sample was skewed: 73% of the active drivers were men. Similarly, the length of time a patient had been treated with a cholinesterase inhibitor was not significant, possibly because at baseline most patients were being so treated. Finally, living in a province with mandatory reporting had no significant effect on increasing the risk of driving cessation. COSID findings confirmed the associations previously documented of driving cessation with disease severity, increasing cognitive impairment and age. [4] [5] [6] [7] 9 These same factors have also been shown to increase the risk of motor-vehicle collisions in people with dementia. 10 Male gender has been associated with a higher risk of crashes and moving violations; 22 it is notable that at baseline, we found women to be significantly likelier than men to have already quit driving.
In this study, having 3 or more behavioural disturbances increased the risk of driving cessation by more than 60%. The relation between behavioural disturbances and driving in dementia has not previously been examined. We speculate that hallucinations, which increased the likelihood of driving cessation more than 2-fold, may have acted as a marker of disease severity that alerted physicians and families to the need for a patient to quit driving. Apathy, which increased the likelihood of driving cessation by 70%, may have led drivers to quit on their own. Finally, agitation/aggression reduced the risk of driving cessation, possibly because families and physicians might be more uncomfortable confronting such people with the need to stop driving.
The limitations of this study included the generalizability of the results. Although COSID sampled a large number of elderly individuals with dementia across Canada from both community and academic sites, the included patients were managed mostly by specialists; it is therefore unclear how representative our sample might be of the general population of patients who have dementia. The baseline characteristics of participants in COSID are similar, however, to those of the epidemiological population sampled by CSHA.
1 Another limitation was the inability to identify the presence or absence of other drivers associated with our subjects, a factor that would also affect driving cessation. Finally, it is unclear whether the predictors identified in this study led to physicians recommending driving cessation or reporting these patients to provincial transport ministries, to family members demanding that their relatives quit or to patients deciding on their own to stop driving.
Should we be concerned that 28% of older people with cognitive and functional impairment severe enough to warrant a diagnosis of dementia were driving at baseline? Is it worrisome that only 12%-19% of these patients had their licences formally revoked, and that provincial legislation requiring mandatory reporting had so little apparent effect on driving cessation? These questions are difficult to answer. Although many studies have shown an increased risk of motor vehicle collisions among people with dementia, some patients with mild dementia nevertheless may be able to drive safely. Unfortunately, this study does not provide information on how to assess the safety risk, nor is there much agreement about which methods (e.g., neuropsychological testing, driving simulators, on-road testing, etc.) would best predict collision risk. 10 On the other hand, the fact that cognitive impair- ment and behavioural disturbances -both easily measurable in the clinician's office -were strong predictors of driving cessation suggests that measures already in use by clinicians to monitor patients may also serve to warn of increases in the risks of driving as patients' abilities decline.
